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THE DRAG OF C CLASS AIRSHIP HULL WITH VARYING LENGTH OF
CYLINDRIC MIDSHIPS.

By .L F. ZmM, R. H. SMITH,and G. C. HILL.

SUMMARY.

A model of the C class airship hull, when severed at its major section and provided with a
cylindric mid-body of Yariable length, had its @ resistance increased about in proportion to
the length of the mid-body up to 3 diameters, and in about the manner to be expected from
the increase of skin friction on this variable length. For greater length the drag increased Iess
and less rapidly.

As usual for such models, the drag for any fixed length, at 20 to 60 miles an houi, is accu-
rately of the parabolic form RaVn, and hence the drag coefficient is of the’ hyperbolic form
Ca P’, where n is slightly less than 2.

The variation of C with length is stated in the conclusion.

. INTRODUCTION.

This report’ was submitted to the National Advisory Committee for Aeronautics for pub-
lication by permission of the Bureau of Construction and Repair, Navy Department. From
previous teds, described in the bureau’s Report No. 128, it was known that the C clam airship
hull, curving continuously from stern to stern, has an excellent shape coefficient. To ascertiiin
whether this couId be bettered by introducing a qdindric portion amidships, a new model was
made and tested in the s by S.foot tunneI for head-on resistance at 20, 30, 40, 50, and 60 miles
an how

DESCRD?’HON OF MODEL.

F~ures 1 and 2 give the external appearance and over-alI dimemions of this model; also
the speciiied and measured offsets. The new hull, first.made like the Ori=tial, was severed at
its major section, and elongated by inserting cylindric segments of various length and of the
common diameter 7.’7 inches. The segments, which were of dry pine, were provided with brass
face plates inset into their ends in such -ivaj that the successive blocks could be screwed together
so as to present a uniform and continuous outer surface. The exterior was smoothly sandpapered
and varnished. The middle portions conformed accurately to specifications; but the bow and
stern departed somewhat from the speciiied offsets, as may be seen in figure 2.

METHOD OF MEMI.mi311imT.

Durirg the test the model was suspended by two fine short wires from a horizontal bar
im=idethe wind shield shown in figure 1, the bar in turn being supported swing-like by two wires
attached to the ceil@ of a high room abovh the tunnel. osctitio~ ti yaw were prevented
by a slender stern pin runn.irg through ~ eyelet in a taut.horizont rdwire. No drag corrections
had to be made for this guide pin, as was premedby careful measurements. The drag correction
for the static pressure drop along the axis of the tunneI was made as usual by nmltipl~ the
..—

1The presantreps-t fs a sli@tIy ~twed form e4C. & R. wnfidentfd Rep-t No. li6, revised for publketion by the Natfmml Advi.scq Ccen-
mittee fw Ae.wuautics.
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volume of the model by the uniform pressure gradient, The drag was measured with the model
supported first-by two wires, then with two additional wires 10 diamettm to one aide of the others.
The increment of resistance so found was subtracted from the original to determine the drag
of the hull alone plus that of the horizontti bar to which the suspension wires were attached
inside the wind shield. The slight resistance of this horizontal bar within the shield, and the
pressure drop just mentioned, were then deducted to fid the true drag on the hull alone. The
wind speed could be held tied aud, after preliminary study, could be detetined truly to one-
half of 1 per cent in the region to be occupied by the model. The displacement of the model
along stream could be measured with this precision at all the speeds employed above 30 miles
an hour.

RESULTS OF THE TEST.

Figure 3 gives the net-drag on. the airship’hull at all speeds from 20 to 60 miles an hour,
with all lengths ‘of cylindrical middle body from zero to 5 diametem. The straight lines in
the lower ptirt of the cut give the shape coefficient, plotted against VL as usual, for the model
with the longest middle segment and with no middle segment. These two graphs do not Mend
because the hull shapes differ.

As usual in such experiments, the drag, for the range of speeds used, is accurately of the
parabolic form R=KP, and hence the drag coefficient-is of the&yperboIic form Oa.Pz, where
n is slightly less than 2. ‘J’his meth9d of pIotting the air resistance and shape coefficient has
been used for nearly two decades, and is known to give, for a certain speed range, straight line
graphs for-many other shapes besides surfaces of revduthm.

The dots on the graphs in figure 3 .repr+ent coi~ted resistances. Each graph is d&ived
from a separate sheet setting forth in detail the observations, as in figure 0. This and the seven
other preliminaIT data plates, which latter are omitted for br~vity, justify the placing of the
dots in figure 3 all directly upon the straight line graphs. It is not, however, assumed that the .
straight line plot is applicable to indefinitely higher and low& speeds.

F~re 4 gives the total resistance.of..the nmdel plotted against the length of the cylindrica~
middle. As the length of the cylindrical segment increasw from 1 to 3 diameters, the increase
of resistance is nearly uniform, and is approximately what should be expected from the incre=e.
of skin friction on this length. Beyond 3 diameters of length the rate of increase of total drag
falls off more and more rapidly, due partly to the lemming of skin friction with length of sur-
face and partly perhaps to the change of pressure distribution over the bow and stern. This
fluctuation of pressure may in part cause the variaticms of 7L observable in figure 3.

AC may be inferred from the.nearly horizontal portion of this graph at the o~in, a very
short cylindrical segment will benefit the model rnQm by increasing its volume than it will
injure it by increasing its resistance.. This infererwe& corroborated by the diagram in figure 5
giving the shape coefficient versus length of cylindrical middle portion. This diagram shows
that the shape coefiient is improved with increase cbtraight middle body up to rather more
than haIf a diameter, after which it,slowly increases up to about 4 diameters, then declines with
further increase of length as far as tested. The extremo lengt& of the cylindricrd portion was
5 diameters and the over-all length of the model was Jhen 9.5.diameters. The indications are
that the shape coefficient would continue to diminiskwith increasing length of middle body up
to a fineness ratio too great for practiod use.
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FIQ. I-(’C Class” dddp hall with C@dl’iC ld~p, sqeuded fa (WW m085tUWIents tn wind tunnel.
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TABLE I.—Re&tame ofC CZU6U&8?@ hull.

[Mdmlrm dfameter,7.7Inchw]

Length of pamllel middle body ombalf wxfmum dfameter of hulL

m
:’~[w
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I ’11
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60
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w
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I
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TABLE H.-Shape coejicid and cotreeponding ralw ofEL Jw C claw airahip hull.

~“ -

20 : aolm ! ~.
1~. . (us l%:.M* 172.1

60
u%:

. 0LW3 2KL4 147.5“
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